Introduction {#sec1-1}
============

Blood and blood components are indispensable. Use of these components, however, is often associated with adverse events, ranging from minor chills and rigors to life-threatening anaphylaxis.\[[@ref1]\] Incidence of transfusion reactions (TRs) is estimated at 0.001%--10%.\[[@ref2][@ref3][@ref4]\] Although the incidence has declined substantially with modern facilities such as improved screening and transfusion practices, use of leukofilters and modified blood components, a significant number of cases are still observed due to human errors, alloimmunization, bacterial contamination and immunomodulation.\[[@ref5]\]

Hemovigilance is "a set of surveillance procedures covering the entire transfusion chain from collection of blood and its components to the follow-up of its recipients, intended to collect and assess information on unexpected or undesirable effects resulting from the therapeutic use of labile blood products, and to prevent its occurrence and recurrence."\[[@ref6]\] It includes monitoring, identifying, reporting, investigating and analyzing adverse events associated with transfusion of blood and blood components.\[[@ref7]\] Information gathered from such monitoring is useful for early identification, management and prevention of TRs.\[[@ref8]\]

Since relatively less amount of data are available in this regard from the Indian population at present, present study was conducted to detect and analyze transfusion-related adverse reactions in two populations, i.e., children and surgical patients, using an intensive monitoring method.

Materials and Methods {#sec1-2}
=====================

This observational, prospective study was conducted in a tertiary care teaching hospital in Gujarat, India, over a period of 18 months, i.e., December 2013 to May 2015. Permission to conduct the study was obtained from the Institutional Ethics Committee (IEC Approval No. 124/14) and heads of Departments of Pediatrics, Surgery and Immunohematology and Blood Transfusion (IHBT). To monitor TRs, one unit each from Departments of Pediatrics and Surgery with maximum patient inflow as detected from the past admission records were selected for patient enrollment. Further, all children receiving transfusion in thalassemia OPD were eligible for enrollment irrespective of their units of admission. The study was conducted in patients receiving transfusion of blood or blood components in the selected units and thalassemia OPD. Each unit of blood or blood component transfused was considered as a separate transfusion. Patients with a previous history of transfusion or those receiving transfusion with more than one unit of blood or blood components were considered as having received multiple transfusions. TRs were defined according to the World Health Organization (WHO) guidelines for clinical use of blood.\[[@ref9]\] Information regarding issue of blood components to these patients was obtained from the Department of IHBT to trace the patients. Leukodepleted components or bedside leukodepletion were not used in current setup at the time of study. A written informed consent was obtained from patients or guardians before enrollment. Detailed information of enrolled patients, transfusions including time of onset of transfusion since issue of blood component from the blood bank and TRs was collected in a pretested case record form. Each patient was followed up daily till discharge to monitor transfusion-related adverse reactions. Subsequently, telephonic follow-up was done, once every week for 6 months. Patients were also asked to report adverse reactions following discharge using telephonic communication. Data were collected for a period of 6 months in each department. Causality of TRs was assessed using WHO-Uppsala Monitoring Centre scale\[[@ref10]\] and Naranjo score.\[[@ref11]\] Preventability of TRs was assessed using Modified Schumock and Thornton criteria.\[[@ref12]\] Severity and seriousness of TRs were assessed using Modified Hartwig and Siegel scale\[[@ref13]\] and Central Drugs Standard Control Organization criteria,\[[@ref14]\] respectively. Data were entered in MS Excel Worksheet 2007 to analyze the frequency, percentage, mean and standard deviation. GraphPad InStat Demo version 3.06 (Graph pad Software, Inc., San Diego, California, USA) was used to apply Fisher\'s exact test. The test was used to detect a difference in frequency of TRs in patients receiving single versus multiple transfusions and that in patients receiving transfusion within 30 mins of issue of blood components versus those receiving transfusion after 30 mins. *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

A total of 411 pediatric patients, including 249 boys and 162 girls, were transfused with 594 units of blood components (1.4 transfusion per patient), whereas 433 surgical patients, including 271 men and 162 women, were transfused with 745 units of blood or its components (1.7 transfusions per patient) during the study period \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\]. All units issued were transfused to respective patients. Mean age and hemoglobin of children receiving transfusions were 5.4 ± 3.5 years and 7.8 ± 1.7 g/dL respectively, whereas those of surgical patients were 43.1 ± 18.5 years and 9.3 ± 2.1 g/dL respectively \[[Figure 1](#F1){ref-type="fig"}\]. A previous history of transfusion was present in 35 children and 49 surgical patients, whereas a history of febrile nonhemolytic TR (FNHTR) was present in one child. Premedication was not used in any of patients receiving transfusion.

###### 

Details of blood components and frequency of transfusion reactions in pediatric patients in the study (*n*=411)
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###### 

Details of blood components and frequency of transfusion reactions in surgical patients in the study (*n*=433)
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![Age distribution of patients receiving blood transfusion and those developing transfusion reactions (TRs)](AJTS-11-180-g003){#F1}

TRs were observed with 69 out of 594 transfusions (11.6%) in children and 63 out of 745 transfusions (8.4%) in surgical patients, affecting males and females similarly (*P*: 0.8927 in children and *P*: 0.0675 in surgical patients). Majority of reactions in children (48, 69.5%) and surgical patients (51, 80.9%) were acute i.e. developing within 24 h of transfusion \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\] and included FNHTRs, allergic reactions, abdominal pain and vomiting. Delayed TRs included iron overload in children and allergic reactions \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\]. Reactions were most frequent with packed cells in both children (65, 94.2%) and surgical patients (51, 80.9%), followed by whole blood, platelet concentrate, cryoprecipitate and fresh frozen plasma (FFP) Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. Mean volume of blood or blood components transfused to pediatric and surgical patients developing TRs was 223 ± 71.4 mL and 236 ± 98.8 mL respectively. Clinical presentation and management of TRs are described in \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\]. Medicines used to treat TRs included chlorpheniramine (92), paracetamol (63), deferasirox (20), ondansetron (2) and prednisolone (1). All reactions, except iron overload in children, recovered completely. Causality, preventability, severity and seriousness of TRs as assessed by various scales are mentioned in [Table 5](#T5){ref-type="table"}.

###### 

Clinical presentation and management of transfusion reactions (*n*=69) in pediatric patients
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###### 

Clinical presentation and management of transfusion reactions (*n*=63) in surgical patients
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###### 

Causality, preventability, severity and seriousness of transfusion reactions in pediatric and surgical patients
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Transfusion reactions were more frequent in patients with multiple transfusions compared to those receiving single transfusion (*P* = 0.0401 in children and *P* \< 0.0001 in surgical patients) and in children, when transfusion was initiated after 30 min of issue of blood component (416, 70%) as compared to when initiated within 30 min (178, 30%) (*P* = 0.0021).

Suspected blood component was probably associated with adverse reaction in majority of children (57, 82.6%) and surgical patients (39, 61.9%) \[[Table 5](#T5){ref-type="table"}\]. A total of 68 (98.5%) reactions in children and all reactions in surgical patients were not serious in nature, while prolongation of hospitalization in a child with allergic reaction was serious in nature. TRs in children were probably preventable (52, 75.4%), not preventable (16, 23.2%) and definitely preventable (1, 1.4%). Whereas in surgical patients, these were probably (32, 50.8%) or not (31, 49.2%) preventable. Majority of TRs in children (62, 89.8%) and surgical patients (53, 84.1%) were moderately severe (Level 3), followed by mild reactions (Level 1) in children (7, 10.1%) and surgical patients (10, 15.8%).

Discussion {#sec1-4}
==========

The present study was conducted to evaluate the pattern of TRs in pediatric and surgical patients at a tertiary care teaching hospital in India. Data were collected from each study population over a period of 6 months. Clinical course, management, outcome, causality, severity, seriousness and preventability of TRs were assessed.

In the present study, number of transfusions exceeded the number of patients in both populations. This was attributed to the requirement of multiple transfusion due to diseases, such as thalassemia, coagulation disorders and anemia in children and intraoperative transfusion requirement, hemorrhage and anemia in surgical patients. Multiple transfusions were also reported by Venkatachalapathy and Bhattacharya *et al*. in patients with anemia, hemato-oncology disorders and elective surgery.\[[@ref15][@ref16]\] Multiple transfusions increase the risk of TRs\[[@ref17]\] and use of modified blood components can help reduce the risk in such patients.

In the present study, more than 70% children receiving transfusions were 1--5 years or 5--10 years (5.4 ± 3.5 years) of age. This was attributed to an increased prevalence of severe anemia and thalassemia in these age groups. Severe anemia in young malnourished children usually manifests during the period of rapid growth.\[[@ref18]\] Further, thalassemia is also known to manifest early and require multiple transfusions. The findings, however, could not be adequately compared due to lack of adequate studies on TRs in children. A similar number of surgical patients in different age groups received transfusions, owing to intraoperative requirement (58.5%) and treatment of hemorrhage (23.5%). This contributed to a mean age of 43.1 ± 18.5 years. Mean age of patients receiving transfusions in studies conducted at Delhi and Kashmir had been reported at 34.1 and 32.1 years, respectively.\[[@ref4][@ref19]\] However, these studies involved patients of all age groups admitted to various specialties.

Mean Hb level in children receiving transfusion (7.8 ± 1.7 g/dL) was less than that (9.3 ± 2.17 g/dl) in surgical patients in the present study. This reflected in the fact that anemia was a more common indication of transfusion in children as compared to surgical patients. Mean Hb also indicates a rational use of transfusions in both populations in view of anemia or anticipated blood loss during surgery. In a study conducted in South India,\[[@ref15]\] majority patients had a Hb \>10 g/dl. Since the said study involved patients of all specialties, further studies are required to detect any significant difference in this parameter.

Anemia and thalassemia were the most common indications of transfusion in children in the present study. Prevalence of anemia is high among children in developing countries\[[@ref20]\] and an association between occurrence of anemia and requirement of transfusion has been reported.\[[@ref21]\] Thalassemia and coagulation disorders commonly manifest at an early age and require repeated transfusions. Surgical procedures, due to associated blood loss, were the most common indication of transfusion in surgical patients followed by hemorrhage. Elective surgery and anemia have been reported as most common indications of transfusion in studies conducted at AIIMS, Delhi and South India,\[[@ref15][@ref19]\] similar to our observations. In the present study, other indications i.e. dengue, disseminated intravascular coagulation (DIC), malaria and sickle cell anemia accounted for \<10% of total cases. This can be attributed to less incidence of sickle cell anemia and DIC and less occurrence of dengue and malaria during periods of data collection, i.e., winter and summer.

Packed cells (PCV) were the most frequently transfused blood component in both populations in the present study, owing to high incidence of anemia, thalassemia and coagulation disorders in children and elective surgery, hemorrhage and anemia in surgical patients. Together these indications accounted for transfusions in 91% children and 86% surgical patients. Although whole blood can be used for these conditions, use of whole blood has declined\[[@ref22]\] due to a higher incidence of TRs. Whole blood was employed only in few surgical patients in the present study. Similarly, PCV was the most frequently transfused blood component in studies at Kashmir (52.7%), Namibia (74%) and Zimbabwe (75.4%).\[[@ref4][@ref23][@ref24]\] Other blood components i.e. cryoprecipitate (3.4%), platelet concentrate (2.2%) and FFP (13.1%) were transfused to patients suffering from dengue and coagulopathies, primarily to correct the underlying deficit of clotting factors or platelets.

In the present study, TRs were observed in 11.6% children and 8.4% surgical patients. This incidence is higher as compared to that reported from other parts of the country, i.e., 0.05%--3.3%.\[[@ref15][@ref19][@ref25]\] This may be attributed to intensive method of monitoring employed in the present work as compared to conventional reporting or retrospective analysis of records employed in other studies. Intensive monitoring can detect a larger number of adverse reactions since minor, less severe reactions are often not reported to blood bank by conventional reporting.\[[@ref4][@ref26]\] Furthermore, modified blood components were not employed for transfusion in the present setup, which could have contributed to a higher incidence of TRs.

In the present study, mean age of children developing TRs was 7.4 years owing to the fact that reactions were frequent (43.5%) in children of 6--10 years. Among surgical patients, TRs affected all age groups except patients of 36--45 years. The finding could not be explained and needs further evaluation. Results could not be adequately compared since studies focusing on TRs in these populations could not be found on literature search.

Majority of TRs in children (69.5%) and surgical patients (\~81%) in the present study were acute i.e. developing within 24 h of transfusion. Iron overload, a delayed reaction, was not observed in surgical patients and hence, the population showed a higher proportion of acute reactions. Acute TRs are easily recognized since majority appear soon after initiation of transfusion.\[[@ref4][@ref16]\] Longer the time of onset, more is the likelihood of reaction getting missed, especially if it is mild or nonspecific.\[[@ref16]\] Most studies report acute reactions to be more frequent than delayed reactions.\[[@ref4][@ref16][@ref24]\]

Packed cells were most frequently associated with TRs (82.8%) in the present study as it was the most common blood component used for transfusion. This also contributed to the mean volume in patients developing TRs (223 ± 71.4 mL and 236 ± 98.8 mL in pediatrics and surgical patients respectively). Studies conducted in other parts of India report a lesser volume in this regard since PCV was suspected in substantially less number of cases.\[[@ref19][@ref25]\] Other blood components, used in relatively less number of patients, were less frequently associated with TRs in the present study.

FNHTR was the most common TR in pediatric (44.9%) and surgical patients (50.8%) in the present study. It is reported as the most common TR in studies conducted in various parts of the world.\[[@ref16][@ref24][@ref27][@ref28]\] Reaction was common with packed cells, most commonly used blood component in the present study since it is commonly observed with cellular blood components.\[[@ref25]\] It is caused by white cell Ag-Ab interaction and release of cytokines during storage of blood components. Use of leukodepleted packed cells and platelets,\[[@ref29]\] initiation of transfusion within 30 min of issue of blood component and cold chain maintenance are recommended to reduce the occurrence.\[[@ref9][@ref14]\]

Allergic reactions were the second most common acute TRs in children (11.6%) and surgical patients (19%) in the present study. Varying incidence of allergic TRs, i.e., 0.2%--5.1% is reported in literature\[[@ref16][@ref19][@ref30]\] since these primarily depend on individual susceptibility and cannot be predicted. Transfusion of IgA deficient plasma is recommended to reduce such reactions;\[[@ref23]\] however, it may be an unlikely option in a resource-constrained setting. A detailed history and premedication of susceptible individuals with antihistamines can reduce the occurrence of these reactions.\[[@ref31]\] Delayed allergic reactions observed could not be definitely related to transfusion because of a weak temporal relation.

Abdominal pain (7.2% children and 15.8% surgical patients) and vomiting (2.9% children) were reported in few patients in the present study, which could not be classified. These type of reactions are reported from other parts of the world also i.e., Japan, Pakistan and Italy.\[[@ref28][@ref29][@ref32]\] and may be attributed to comorbid illness or mild unrecognized hemolysis.\[[@ref9]\] Since urine analysis for hemoglobinuria was not performed in the present study, hemolysis could not be confirmed.

Most common delayed TR (29%) in children in the present study was iron overload, which resulted from repeated transfusions in thalassemic patients. These patients were prescribed oral deferasirox to prevent the ill effect of excess iron. Iron overload was not observed in surgical patients. Most studies do not classify iron overload as a TR and hence, the finding was not compared.

In the current study, FNHTR manifested as chills with rigors (14.4%), fever with chills (13%) or headache (13%) or malaise (1.4%) and mild dyspnea (2.9%) in children and fever with chills (31.7%), chills (14.3%) and fever with headache (4.8%) in surgical patients. Different manifestations have been reported in various studies, i.e., chills and rigors, fever, vomiting, myalgia, anxiety and hypotension.\[[@ref4][@ref19][@ref26]\] Of these, chills with rigors and fever are reported as most frequent manifestations, similar to our observations.\[[@ref4][@ref16]\] Variability with regard to other manifestations requires further evaluation in a larger scale study. Allergic reactions commonly manifested as urticarial rash, pruritus and flushing with anxiety in the present study. Rash and pruritus are reported as the most common manifestations by other studies also.\[[@ref4][@ref16][@ref19]\] Wheals (8%) and periorbital edema (10.8%)\[[@ref16]\] reported elsewhere were not observed in the present study. Allergic reactions are likely to have diverse manifestations which can explain variability in manifestations. Iron overload in children was primarily diagnosed by elevated serum ferritin levels in the present study.

Nearly half of TRs (50.7%) in children were observed in thalassemic patients with a history of transfusion. Bhattacharya *et al*. also reported that 52.3% patients developing TRs had a history of transfusion.\[[@ref16]\] Thus, the risk of TRs increases with each transfusion,\[[@ref33]\] which was evident in the present study. Interestingly, it was detected that risk of TRs increased when transfusion was initiated after 30 min of issue of blood components in children. This coheres with the WHO recommendation of initiation of transfusion within 30 min.\[[@ref9]\] The finding, however, was not evident in surgical patients.

Acute hemolytic reactions were not observed in the present study. This indicated an efficient blood grouping and cross matching practices by blood bank and lack of administration errors. Delayed hemolytic reactions were also not observed in the present study. These reactions, often being asymptomatic, are difficult to diagnose.\[[@ref16]\] Absence of transfusion-associated circulatory overload and transfusion transmitted infections suggested good transfusion practices and efficient screening by blood bank respectively. Transfusion-related acute lung injury, more common when the donors are multiparous women,\[[@ref30]\] was not observed in the present study. It is rare in Indian subcontinent where most donors are males.\[[@ref16]\]

In the present study, 54.5% patients developing TRs received concomitant medications such as antimicrobials, antiemetics, and intravenous fluids. Some of these were implicated in causation of adverse reactions and influenced causality. Majority of reactions (87.1%) were treated symptomatically with drugs such as antihistamines (69.6%), paracetamol (47.7%), ondansetron (1.5%), glucocorticoids (0.7%) and deferasirox (15.1%). A temporary stoppage of transfusion was required in 5.3% patients. Treatment of TRs is largely supportive\[[@ref34]\] and all reactions, except iron overload in children, recovered completely.

In the current study, in majority of cases, blood component was probably associated with TR\[[@ref10][@ref11]\] since no other likely cause for reaction was detected. A possible causal relation was attributed to concomitant drugs or comorbid illnesses, leading to similar symptoms. Delayed allergic reactions (7.5%) had an unlikely relation with suspect blood component because of a weak temporal relationship. Majority of TRs (99.2%) in the current study were nonserious since only one case of prolongation of hospitalization was observed. Similar findings were reported by Kato *et al*. in Japan.\[[@ref35]\] Majority of reactions in children (75.4%) and surgical patients (50.8%) were probably preventable since adequate preventive measures, i.e., leukofiltered blood components were not administered due to unavailability in the present setup. Allergic or nonspecific reactions, occurrence of which could not be predicted, were considered not preventable. A single case of FNHTR was definitely preventable since patient was not administered any prophylactic treatment despite a history of similar reaction. Since majority of reactions in children (89.8%) and surgical patients (84.1%) required symptomatic treatment, these were considered moderately severe.\[[@ref13]\] Temporary stoppage of transfusion or no requirement of treatment implied mild nature of reactions. Severe reactions were not detected in the present study. Similar observations were reported in Iran and Namibia.\[[@ref23][@ref32]\]

Limitations of the study {#sec2-1}
------------------------

Since the study focused on TRs in two populations, findings of the study cannot be generalized to other patients. Duration of transfusion could not be estimated due to a lack of availability of data regarding completion of transfusion. Furthermore, it was not possible for authors to monitor the entire transfusion chain. Causality and preventability assessment, primarily carried out by investigators, can be considered as subject to variation since clinicians\' opinions were not sought. However, the extent of data collected leads to few important conclusions.

Conclusion {#sec1-5}
==========

Transfusion reactions are common in pediatric and surgical patients in the present setup and observed with whole blood, packed cells, FFP and cryoprecipitate. Majority of reactions are acute and nonserious. Febrile nonhemolytic and allergic reactions are common TRs. Risk of TRs increases with multiple transfusions. Good blood grouping, cross-matching and transfusion practices are observed in the present setup.
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